INTRODUCTION
Most structural materials are polycrystalline, that is, they are composed of numerous discrete grains, each having a regular, crystalline atomic structure. The elastic properties of the grains are anisotropic and their crystallographic axes are differently oriented. When an ultrasonic wave propagates through such a polycrystalline aggregate, it is scattered at the grain boundaries. The fraction of sound energy thus removed from the main beam is responsible for important phenomenons like attenuation and dispersion of the main beam, and background "noise" associated with a given ultrasonic inspection system. The amount of sound energy removed from the main beam depends on the size, shape, and orientation distributions of the grains. If the grains are equiaxed and randomly oriented, propagation direction of the ultrasonic wave has no effect upon the magnitude of the scattered energy. Such is not the case when an acoustic wave travels through materials like centrifugally cast stainless steel and austenitic stainless steel welds, which are used extensively in nuclear power plants. The microstructures of these stainless steels vary from randomly oriented, equiaxed grains to highly oriented, columnar grains. 1 ,2 Since the backscattered signals tend to mask the signals from small and subtle defects, the estimation of probability of detection of such defects requires quantitative description of these signals. Consequently, an effort has been under1 aken in this research to quantify the backscattered signals from microstructures with favored grain orientation and grain elongation.
The attenuation and dispersion of acoustic waves in randomly oriented, equiaxed polycrystals has received considerable attention, with the most recent contributions for the cubic materials being made by Hirsekorn 3 , 4 and and Stanke and Kino 5 ,6 . The theoretical treatment of mean acoustic wave wave propagation in preferrentially oriented, elongated polycrystals is more limited. Hirsekorn has extended her theory to the case of preferred crystallographic orientation wh;k retaining the assumption of spherical grain shape, 7 and has performed numerical calculations for the case of stainless steel with fully aligned [001] axes. s The authors have employed the general formalism of Stanke and Kin0 5 , 6 to calculate the expected propagation constants of an acoustic wave in stainless steel with fully aligned [00l]axes. 9 ,1O. The latter paper accounts for the grains being elongated in the direction of rotational symmetry ([001] axis ).
Until recently there has been relatively little effort devoted towards explicit expressions for the backscattered signals from grains of a polycrystalline materials. Margetan, Thompson, et al. 11.12 developed expressions for the absolute backscattered power using independent scatterer approximation. More recently Rose 13 has developed a general formalism, based on the electro-mechanical reciprocity relations given by Auld,14 to calculate the absolute backscattered power. Since his formalism is basically intractable, he proceeded with the calculations for backscattered power using independent scatterer approximation, which is reasonable for low frequency acoustic waves. In this research, we apply the independent scatterer approximation to Rose's general formalism to calculate the nondimensional backscattered power for a longitudinal ultrasonic wave traveling through stainless steel with perfectly aligned [001] axes. Numerical results are presented for two cases. The first case idealizes the stainless steel to be a collection of perfectly aligned equiaxed grains while the second case allows the grains to be elongated along [001] axes. The first idealization sheds light on the effect of grain orientations on backscattered noise. The added influence of grain elongation is demonstrated by the second case. The material properties of the idealized media are chosen to be the same as those of 304 stainless steel austenitic weld metal. 8 
THEORY

Formal Approach
Rose 13 deduced the following expression for the backscatter signal from a single phase polycrystalline aggregate using the electro-mechanical recipricity relations given by Auld 14 .
Here n is the volume of the aggregate, w is the angular frequency, ui the displacement field at the transducer that would have occured in the absence of the grains, and Ui,j are actual displacement field at the transducer. VI appearing in Eq. (1) represents the phase velocity of longitudinal wave in the homogeneous medium. The quantity 8Cijkl(r') represents fluctuations from average homogeneous elastic constant in the following way.
where C 0k1 is an average elastic constant. To the order of approximation employed here to calculate backscattered signals, C 0k1 is the Voigt averaged elastic constant. 13
Eq. (1) is intractable since it requires the knowledge of the exact displacement field. However, for small variation of acoustic impedence from grain to grain and for low frequency of the main beam, backscattered signals can be calculated using Born approximation.
(2)
For a longitudinal displacement field launched by a planar transducer
the expression for backscattered signal becomes (5) An explicit formula for the expected backscattered power P(w) = (S(w)S*(w)), where (.) represents ensemble average, is then obtained from Eq. (5) as follows
(r'-r'l]). (6)
(411'pvf) 10 10 Eq. (6) can be simplified by introducing the variables p = (r + ?)/2 and s = ? -r.
When the main beam propagates in the 3-direction in a statistically homogeneous medium (i.e. the ensemble averages are independent of position), the above expression for the expected backscattered power can be written as
(411'pvn 10 10 (7) Here W(S') is the autocorrelation function that determines the probability that two points separated by line s lie in the same grain. Since the dimension scale over which W(S') varies is much smaller than the volume of the polycrystalline aggregate fl, Eq.
(7) can be simplified to yield the following expression for the the expected backscattered power per unit volume. In a textured medium, backscattered signals are dependent on the propagation direction. In order to perform calculations for incident p-waves in arbitrary direction in the yz plane, we found it convenient to rotate the laboratory coordinate system (x, y, z) by an angle ¢ about the x-axis resulting in (x' = x, y', z') coordinate system and choose the z'-axis as the propagation direction. In this rotated coordinate system, we have calculated the following as a function of propagation direction ¢. (11) (12) Two grain geometries are considered here for calculations of grain noise. First, the polycrystal under consideration is taken to be a collection of equiaxed grains. Second, we idealized the polycrystal to be a collection of cigar-shaped grains elongated in the direction of rotational symetry.
Equiaxed Grains
For this grain geometry the probability that two points separated by s is in the same grain is given by the geometric autocorrelation function (13) which is a realistic model for equiaxed polycrystals. 6 Here J represents mean grain diameter. Combining equations (8) ;V; (20) We have calculated the normalized backscattered power, i.e. the grain noise when perfectly aligned stainless steel polycrystal is illuminated by a plane longitudinal acoustic wave. Although an algebraic expression for this quantity was deduced for equiaxed grains (Eq. (15)), we had resort to numerical integration for the case of elongated grains (equations (18) and (20)). Fig. l(a) shows the frequency dependence of the normalized backscattered power for four different propagation directions of the main acoustic beam. The inclination (~) of the incident plane wave with respect to the axis of rotational symmetry (z-axis) represents different propagation directions. While at low frequencies (X ~ 1) the backscattered power shows X4 dependency, a~ X becomes large, it asymptotically reaches a constant value. Directional dependence of the grain noise is shown in Fig.  l(b) for different normalized frequencies. As expected, there is no backscattering when the incident bulk wave propagates along z-axis. The grain noise continuously increases as ~ increases, reaching the maximum value at ~ = 90°. It is interesting to note that noticeable backscattering does not occur until ~ ~ 45° and steep rise in grain noise occurs when 50° ::; ~ ::; 85°. Fig. 2(a) shows the frequency dependence of the normalized backscattered power : .
Elongated Grains
;..:
. except that elongated grains begins to generate more backscattered power than the equiaxed grains at higher 1>.
-----------------------
CONCLUSIONS
We have used the independent scatterer approximation to the general formalism of Rose 13 to calculate the absolute backscattered power when a mean plane longitudinal acoustic wave travels through perfectly aligned stainelss steel polycrystal. Numerical results are presented for two idealizations of the stainless steel aggregate: a collection of equiaxed grains and a collection of elongated grains. It is seen that when the main acoustic beam propagates along the direction of rotational symmetry, there is no backscattered power regardless of grain elongation. For both grain geometries, backscattering was found to be maximum when the incident wave propagates in the plane of rotational symmetry xy-plane. At all propagation directions, the normalized backscattered power N(FOM)2J4 was shown to decrease with increasing elongation.
